Melanoma has long been a disease cured by the knife. Since first mentioned by Hunter, Laennec, Cooper and other published surgeons of the 18th and 19th centuries, the only hope for prolonged survival for most patients with a diagnosis of melanoma was to completely excise all evidence of tumor prior to metastasis \[[@B1]\]. As early as 1892, surgeons were advocating that lymphadenectomy should be performed in an attempt to remove all traces of the cancer \[[@B2]\].

However, lymphadenectomy is not without complications. A systematic review of recent literature (2000--2017) showed that therapeutic lymphadenectomy has a reported complication rate of up to 39%, including wound infection, wound breakdown, lymphedema and seroma \[[@B3]\]. Lymphedema has a significant impact on patients' quality of life.

Prior to the widespread adoption of sentinel node biopsy (SNB), a number of randomized-controlled trials were conducted comparing elective lymph node dissection (ELND) with observation \[[@B4],[@B5]\]. While none of these demonstrated a survival advantage to elective lymph node dissection, a subgroup of patients was identified with an improved outcome from early surgical resection of the lymph node basin -- intermediate thickness lesions with no clinically evident nodal disease. However, the same trials also showed that on average, only approximately 15--25% of patients had tumor detected in the lymphadenectomy specimen \[[@B6],[@B7]\].

Sentinel node biopsy {#S0001}
====================

Since 1992, the work of Morton and others on the sentinel lymph node has provided surgeons with a less morbid modality for accurate lymph node staging \[[@B8]\]. In patients with clinically node negative melanoma, SNB provides a more accurate assessment of the lymph node status (by providing low volume tissue to pathology allowing thorough sampling and assessment) and with much lower morbidity, with a lymphedema rate of only 1.3--6.3% \[[@B3],[@B9],[@B10]\]. SNB has repeatedly been validated as an acceptable method to diagnose the presence of clinically occult lymph node disease, and provide accurate N staging \[[@B11]\].

For patients with tumor-positive nodes, MSLT-1 demonstrated a survival benefit for those patients in the SNB arm compared with those who underwent delayed lymphadenectomy after a period of nodal observation and therapeutic lymphadenectomy when required. The nodal tumor burden in the SNB group was much smaller and the rate of nodal involvement at completion lymph node dissection (CLND) was only approximately 11% \[[@B9]\]. As such, the majority of patients underwent this procedure for no clinical benefit.

MSLT-1 confirmed that sentinel node status is the most important prognostic factor in staging intermediate thickness melanomas. In patients with clinically lymph node-negative melanoma, it is the best single predictor of melanoma-specific survival. This change in the understanding of how nodal disease affects prognosis is reflected in the eighth edition of the American Joint Committee on Cancer (AJCC) melanoma staging \[[@B7]\]. In this most recent staging system based on prospectively collected data from over 40,000 patients, an accurate stage cannot be allocated to a patient with melanoma \>1.0 mm in the absence of the results of Sentinel Node Biopsy (SNB). The eighth edition substratifies nodal disease according to clinically occult or clinically evident disease, number of involved nodes and presence of in-transit or satellite metastases. This increased detail allows for clearer prognostication within a heterogeneous group of patients \[[@B7]\]. There is a significant difference in 10-year melanoma-specific survival (MSS) depending on the number of involved nodes and their clinical status.

Important prognostic information is also obtained from the presence of disease within nonsentinel nodes. A single center retrospective review in fact identified this as the single most important predictor of mortality \[[@B12]\]. Mathematically designed scoring systems using both tumor and nodal characteristics (Non-Sentinel Node Risk Score \[N-SNORE\], other nomograms, the Rotterdam Criteria) have been validated in both internal and external cohorts to predict whether or not there will be nonsentinel lymph nodes found on completion lymphadenectomy, which can be used to individualize further treatment \[[@B13]\].

Completion lymphadenectomy {#S0002}
==========================

Given the low number of positive nonsentinel nodes found on completion lymphadenectomy in MSLT-1, and the lack of a strong rationale or evidence base for routine CLND, the MSLT-2 \[[@B9]\] study and the DeCOG-SLT \[[@B17]\] study were designed to answer the question of whether close surveillance of the lymph node basin with lymphadenectomy at the time of progression could provide equivalent outcome to immediate CLND in patients with a positive SNB ([Table 1](#T1){ref-type="table"}).

###### Comparison of MSLT-2 and DeCOG-SLT studies.

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Results                                                                         MSLT-2                                          DeCOG-SLT                                                      
  ------------------------------------------------------------------------------- ----------------------------------------------- ----------------------------------------------- -------------- --------------
  Number of patients analyzed                                                     1755                                            473                                                            

  Sites of primary disease                                                        All                                             Trunk, arms, legs                                              

  Sentinel node tumor burden\                                                     \                                               \                                                              
  -- \<1.0 mm\                                                                    786 (50%)\                                      311 (65%)\                                                     
  -- \>1.0 mm\                                                                    403 (26%)\                                      121 (26%)\                                                     
  Not specified                                                                   375 (24%)                                       41 (9%)                                                        

  Positive lymph nodes identified at immediate completion lymph node dissection   11.5%                                           18% (25% data not available)                                   

  Median follow-up                                                                43 months                                       35 months                                                      

  Reported at 3 years                                                             Dissection                                      Observation                                     Dissection     Observation

  Recurrence-free survival                                                        68% + -1.7[^†^](#T1TFN1){ref-type="table-fn"}   63% + -1.7[^†^](#T1TFN1){ref-type="table-fn"}   66.8% + -5.9   67.4% + -5.8

  Distant metastasis-free survival                                                ∼73%[^‡^](#T1TFN2){ref-type="table-fn"}         ∼73%[^‡^](#T1TFN2){ref-type="table-fn"}         75% + -5.1     78% + -5.4

  Melanoma-specific survival                                                      86% + -1.3                                      86% + -1.2                                      81.2% + -5.1   81.7% + -4.9
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

p = 0.05.

Estimated from graph in Supplement 2 of MSLT-2.

The MSLT-2 study was an international multicenter study, which prospectively randomized 1939 patients with positive sentinel nodes to either immediate CLND within 140 days or regular clinical and ultrasound surveillance of the relevant nodal basin. Patients were stratified for Breslow thickness, ulceration, method of metastasis detection and enrollment at an MSLT-1 center. They were healthy adults who were similar across demographics and other parameters including tumor and adjuvant therapy. The primary end point of the study was MSS. The majority of positive SNB contained deposits \<1 mm in size (66%). Although there were patients in the dissection group who had nonsentinel nodes that were positive, and 26% of the observation group eventually went on to develop nodal disease, the early removal of possibly disease carrying nodes showed no improvement in MSS. However, completion lymphadenectomy did provide two positive outcomes. It allowed for diagnosis of non-sentinel node involvement, and and therefore more definitive prognostication. It also showed improved nodal recurrence-free survival \[[@B9]\].

DeCOG-SLT was a prospective randomized controlled trial run across multiple centers in Germany at a similar time period. However, they excluded head and neck melanomas from their trial group. The primary end point of the study was distant metastasis-free survival. Not only did the DeCOG-SLT study demonstrate no difference in MSS, it also showed no difference in recurrence-free survival. This is surprising as it would be expected that there would be a higher rate of recurrence in the observation arm given that a proportion have residual disease within the lymph node basin. The lack of difference in recurrence-free survival highlights the high risk of developing synchronous distant disease for patients with lymph node recurrence. In fact, while the observation arm identified lymph node recurrence in 25% of patients, only 7% of patients underwent CLND \[[@B17]\].

The conclusion of the DeCOG-SLT study was to not recommend CLND in patients with positive SNB with deposits of 1 mm or less \[[@B17]\]. The trial was closed early due to a lower than expected event rate, as well as a struggle to accrue randomized patients. MSLT-2 had similar accrual problems. This should not limit the applicability of their data. Rather, it is reflective of a global problem in recruiting patients into randomized surgical trials \[[@B17]\].

Other retrospective reviews have also shown similar results to these randomized trials, supporting the conclusion that there is limited role for immediate completion lymphadenectomy \[[@B18]\] given the minimal benefit and significant associated morbidity.

Discussion {#S0003}
==========

These studies have been practice-changing and immediate CLND is no longer considered standard of care. The current Australian guidelines now state that 'CLND is no longer the preferred treatment for patients with a positive SLNB' \[[@B19]\]. Similarly, the current National Comprehensive Cancer Network (NCCN) guidelines offer the option of nodal observation or CLND but clarify that there is no evidence for improved survival, and that the improvement in regional control comes at a cost of increased morbidity \[[@B20]\].

This leads to the question of whether there is ever a role for elective CLND. There are three groups in whom immediate CLND ought to be considered. The first is patients undergoing SNB for a head and neck primary melanoma. These patients were under-represented in MSLT-2 and excluded from DeCOG-SLT, so the relevance of these trials in head and neck primaries is debatable. Furthermore, in the MSLT-2 study, the only factor that demonstrated a trend favoring immediate CLND was a head and neck primary and sentinel node \[[@B9]\]. Finally, the long-term morbidity of neck dissection is generally less than for axillary and ilio-inguinal lymphadenectomy, as it does not carry the same risks of lymphedema.

The second group is of patients who are unable or unwilling to participate in a surveillance protocol. The demonstration of equivalent outcomes with close observation and delayed lymphadenectomy at the time of progression relied on regular high-quality ultrasound surveillance. If these facilities cannot be provided, then an immediate CLND should be considered.

Finally, the information obtained from an immediate CLND can be of prognostic significance. The identification of further involved lymph nodes can upstage a patient from stage IIIA to IIIB or from IIIB to IIIC. However, a recent retrospective review of a European cohort of patients found that only approximately 6% of patients were upstaged following CLND. They also noted that stratifying these patients according to a model based on ulceration of the primary and sentinel node tumor burden provided equally good prognostication \[[@B21]\] and therefore the vast majority of patients will not receive added staging information from an immediate completion lymphadenectomy.

Consideration of CLND can also be given to those cases with high-risk features, as defined in the American Society of Clinical Oncology/Society of Surgical Oncology (ASCO/SSO) guidelines and excluded from MSLT-2. These features include extracapsular extension from the SNB, more than three positive lymph nodes, satellitosis of the primary tumor, and multiple or no identified draining nodal basins at the time of surgery \[[@B22]\]. However, all of the clinicopathological features that are predictors of nonsentinel node involvement are also predictors of distant metastases, and therefore it is difficult to define a population for whom immediate CLND should be recommended. For patients with these high-risk features the pros and cons of CLND should be discussed.

Adjuvant therapy is now offered in many parts of the world to patients who are SNB positive. Most trials of adjuvant therapy following SNB mandated an immediate CLND prior to enrollment. However, there is now consensus within the field that CLND is no longer required for the purpose of receiving adjuvant therapy \[[@B23]\]. In the last decade, the number of effective agents for adjuvant therapy of stage III and IV melanoma has expanded. Targeted therapy aimed at *BRAF* gene mutations and checkpoint blockade immunotherapies have both been shown to be effective in the adjuvant setting. However, they are not without cost, both in terms of financial costs and adverse events (including mortality) caused by the drugs \[[@B24]\].

Conclusion {#S0004}
==========

The last decade has seen a seismic transformation of the treatment landscape for patients with advanced melanoma. Effective adjuvant therapies (reviewed elsewhere in this series) are likely to have major impact on the survival for patients with stage-III disease. In this setting, the main role of SNB is now to provide risk stratification to identify patients who would benefit from these therapies. With contemporary adjuvant therapy, the vast majority of patients with positive SNB will not recur (either in the nodal basin or elsewhere). Therefore, the space for routine immediate CLND is now minimal.

Future perspective {#S0005}
==================

The last few years have seen a dramatic evolution in the management of patients with sentinel node-positive melanoma. High-quality trials have led to a reduction in the need for regional therapy and associated morbidity with an increase in life-prolonging systemic therapy. However, these systemic therapies are not without their own morbidities and costs. The challenge in the management of sentinel node-positive melanoma is now in the identification of biomarkers that can identify those patients who despite nodal involvement are at low risk of disease progression and therefore can forego systemic therapy. Developing validated tools using gene expression profiling as well as markers of immune engagement may help to provide granular risk stratification to inform patient decision making.

###### Executive summary

Sentinel node biopsy {#S0006}
--------------------

-   Sentinel node biopsy (SNB) is required to stage all intermediate thickness melanoma, and SNB positivity is the single most important prognostic factor in melanoma staging.

-   Non-SNB positivity also provides excellent prognostication, but very few patients studied would be upstaged by performing completion lymph node dissection (CLND) purely for staging purposes.

Completion lymphadenectomy {#S0007}
--------------------------

-   MSLT-2 and DeCOG-SLT do not show any improvement in melanoma-specific survival or distant metastasis-free survival for patients who undergo immediate CLND.

-   Current immunotherapy has further decreased the place for CLND.

Discussion {#S0008}
----------

-   CLND can be considered in high-risk subgroups: those not amenable to ongoing observation, head and neck melanoma, and high-risk features such as extracapsular extension or multiple positive SNBs.

Conclusion {#S0009}
----------

-   Routine immediate CLND has few current indications.
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